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Abstract — The cycloid drive usually has a cycloidal wheel 
meshing with pins to achieve transmission. The profile of the 
cycloidal wheel is generally a curve derived from an epitrochoid. 
This paper presents two design types of cycloid drive, the 
cycloidal wheel profile of one is internal offset of epicycloid and 
the other is external offset of hypocycloid. Parametric 3-D models 
of the two design types are constructed in AutoCAD. Dynamics 
simulation is carried out using machinery system dynamics 
simulation technology, and the correctness of the dynamics model 
is verified by the motion curve. The dynamic meshing force 
between the cycloidal wheel and the pins of the two design types 
is solved, and transmission characteristics are compared. The 
results show that the hypocycloidal drive design produces more 
stable output speed, and can improve meshing force. 


Index Terms - Cycloidal planetary drive; Speed reducer; 
Meshing force; Dynamics simulation. 


I. INTRODUCTION 


Precision speed reducers with cycloid tooth profiles, 
which enable high precision control are widely applied to 


manipulate robot systems [1]. The cycloid drive usually has a 
cycloidal wheel meshing with pins to achieve transmission. 
The profile of cycloidal wheel in typical cycloidal drive is 
internal offset of an epicycloid and this kind of cycloidal drive 
is called epicycloidal drive. Hypocycloidal drive, the cycloidal 
wheel profile of which is external offset of a hypocycloid, is 
another type of cycloidal planetary drive, and it can also 
achieve compact structure and high efficiency. 

There is much research mainly focused on generation of 
the profile of the cycloidal wheel and the analytical calculation 


of the forces on cycloid drives. C. Hsieh [2] developed a 
system dynamics analysis model of a cycloidal speed reducer 
and compared the effects of the pin and nonpin design. 
Simulation results demonstrate the nonpin design would be 
superior to the pin design and could improve vibration and 
stress fluctuation. W. Nam and S. Oh [3] proposed a speed 
reducer with a trapezoidal tooth profile. They did 
mechanically study to analyze the trapezoidal tooth profiles, 
and then measured its performance by various tests using a 
prototype manufactured. X. Li, et al. [4] introduced a patented 
double crank ring-plate-type cycloid drive. The new drive 
requires no output unit and places no limit on the size of the 
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tumbler bearing. It also preserves the standard advantages of 
planetary pin-cycloid drives. Its working principles, 
advantages and design issues were discussed. Prototype 
testing presented promising results. M. Blagojevic, et al. [5] 
presented a new design of two-stage cycloidal speed 
reducer, which has one cycloid disc for each stage. The 
reducer has good load distribution and dynamic balance. W. 
Lin, Y. Shih, J. Lee [6] presented the design of a new two- 
stage cycloidal speed reducer with tooth modifications. H. 
Terada [7] developed three types of no-backlash reducers 
especially for the robot joints. C. Gorla, et al. [8] presented 
an innovative cycloidal speed reducer, which has an 
external ring gear, the transverse profile of which is the 
external offset of an epitrochoid and engages with the 
planet wheel by means of cylindrical rollers. 

Based on the generation principle of epicycloidal 
profile and hypocycloidal profile, this paper proposes two 
design types of cycloidal planetary drive, and constructs the 
parametric models in AutoCAD. The dynamics analysis 
models of the two design types are developed using virtual 
prototype technology. Under the comparison conditions of 
the same pin numbers, the same pin diameter and the same 
pin distribution circle diameter, the difference of 
transmission characteristics of the two design types are 
compared. The motion state of cycloidal wheel and the pins 
as well as the pin meshing force are solved. 


II. CYCLOID GENERATION PRINCIPLE AND PROTOTYPE DESIGN 


A. Generation Principle of Cycloid Profile 

1) Epicycloidal Wheel and Pin Profile: Epicycloidal 
planetary drive is a kind of small tooth difference planetary 
drive. The profile of its planetary gear with external tooth is 
equidistant curve of curtate epicycloid and internal gears are 
pins. Usually, the number of pins Z, is more than the cycloidal 
wheel tooth number Z, by 1. As shown in Fig. 1, when a 
rolling circle with radius r performs pure rolling outside the 
basic circle O,, the trace of a point M inner the rolling circle 
generate the curtate epicycloid. Meanwhile, the rotate angle of 


rolling circle around circle O, is Y , and the rotate angle of the 


rolling circle around its own center is 8. As @changes from 0 


to 360°, the trace of point M generate a whole tooth profile. 
The shape of the curtate epicycloid depends on the basic circle 
radius R, the rolling circle radius r, and the curtate ratio Ky. 
The pin centers are points M > Mı > Mb... on the epicycloid, 
which uniformly distributed on a circle with radius R,, and the 
pin profiles are circles with radius r,. The cycloidal wheel 
tooth profile is inner equidistant curve of curtate epicycloid, 
and equidistant distance is the radius of pin rz. 

Generally, when the pins are fixed, the cycloidal wheel 
rotate around its center O,, at the same time, revolves around 
the center of pin distribution circle O», and its meshing 
characteristics don’t change. 

Theoretical epicycloid tooth profile parameter equation is 
as follows. 
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Fig. 1 The generation principle of epicycloid tooth profile and pins 


2) Hypocycloidal Wheel and Pin Profile: Hypocycloidal 
planetary drive is also a kind of small tooth difference 
planetary transmission. But its planetary gear with external 
tooth are pins and the tooth profile of internal gear is 


equidistant curve of curtate hypocycloid. Usually, the number 
of pins Z is less than the cycloidal wheel tooth number Z, by 
1. The generation principle of curtate hypocycloid is like the 
curtate epicycloid. As shown in Fig. 2, when a rolling circle 
with radius r performs pure rolling inside the basic circle O,, 
the trace of a point M inner the rolling circle generate the 
curtate hypocycloid. Similarly, the pin centers are points 
M > Mı > M... on the hypocycloid, which uniformly 
distributed on a circle with radius R,, and the pin profiles are 
circles with radius r, The cycloidal wheel tooth profile is 
outer equidistant curve of curtate hypocycloid, and equidistant 
distance is radius of pin r,. 


Fig. 2 The generation principle of hypocycloid tooth profile and pins 

Generally, when the hypocycloidal wheel is fixed, the 
pins rotate around their distribution circle center O», at the 
same time, revolves around the center of cycloidal wheel O.. 

Theoretical hypocycloid tooth profile parameter equation 
is as follows. 
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Actual hypocycloid tooth profile parameter equation is as 
follows. 
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B. Design of Two Types of Cycloidal Planetary Drive 
For the convenience of research, we make the structure as 
simple as possible. The prototype design of each type of 


cycloidal planetary drive uses only one piece of cycloidal 
wheel. For comparison purpose, the two types of cycloidal 
drive are designed under following conditions. 

The same pin numbers. 

The same pin diameter. 

The same pin distribution circle diameter. 

Based on the parameter equation of the cycloidal wheel 
and pin tooth profile, build the tooth profile using spline 
command then establish 3-D model of the transmission pairs 
in AutoCAD. The 3-D model of the two prototypes are shown 
in Fig. 3, and main parameters are listed in Table 1. 


(b) Hypocycloidal planetary drive 


(a) Epicycloidal planetary drive 


Fig. 3 3-D model of the two prototypes 
IHI. DYNAMICS ANALYSIS OF THE CYCLOIDAL PLANETARY DRIVE 


According to the transmission principle of the cycloidal 
planetary drive, build the virtual prototype models in 
dynamics analysis software and add constraints and loads to 
the models such as fixed joint, rotation joint, contact, input 
angular velocity and input torque load. 

In the epicycloidal drive virtual prototype, the pins are 
fixed and rotates around their own centers. To simulate the 
rotation and revolution of the cycloidal wheel, a link O.O, is 
established between the center of the epicycloidal wheel and 
the center of the pin distribution circle Oy. So that the 
cycloidal wheel can rotates around the link at the point O,, and 
the link can rotate around point O». 

In the hypocycloidal planetary drive, the hypocycloidal 
wheel is fixed. To simulate the rotation and revolution of the 
pins, a plate is defined at the center of the pin distribution 
center O». Rotation joints are defined between the pins and the 
plate, so that the pins are fixed to the plate, and can rotate 
around their own centers on the plate. Set up a link O.O» 
between the center of the hypocycloidal wheel and the center 
of the plate, so that the link can rotates around the center of 
the cycloidal wheel O, and the plate can rotate around the link 
at point Os. 

The input speed of the motor is 1500 r/min, so the driving 


speed of the virtual prototype model is 9000 °/s. And set the 


load torque to 5x10* N-mm. 
TABLE I 
MAIN PARAMETERS OF TWO DESIGN TYPES 


Number of cycloidal 
wheel tooth Z, 


Hypocycloidal drive 


90 mm 


Number of pins Z, 
Radius of pin r, 
Eccentric distance A 
Radius of pin 
distribution circle R, 
Curtate ratio 
K,=A Z,/ R, 
Reduction ratio i 


The input rotation speed of the epicycloidal planetary 
transmission is the revolving speed of the cycloidal wheel 
which is added to the rotation joint of the link at O». The load 
torque is applied to the rotation center O, of the cycloidal 
wheel. 

The input speed of the hypocycloidal planetary drive is 
the revolving speed of the pins, which is added to the rotation 
joint of the link at O,. The load torque is applied to the 
rotation center of the plate O». 

Input speeds and load torques all used step function 
loading, to avoid the speed mutation and load mutation. And 
duration of the step function is 0.5 s. 

Add solid to solid contact between the pins and cycloidal 
wheel. In the cycloidal planetary drive, pure rolling exists 
between the pins and the cycloidal wheel, and cycloidal wheel 
and pins through continuous collision to achieve transmission. 
Therefore, in the dynamic simulation analysis, the setting of 
the collision contact parameter is especially critical. 

Two different contact force analysis models are available 
in the dynamics analysis software, they are Impact model and 
Restitution model. Impact model is suitable for unilateral 
collisions, while the Restitution model is suitable for multi- 
side collisions. The collisions between the cycloidal and pins 
studied in this paper are unilateral collisions, so they are 
calculated using the Impact model. 


IV. RESULTS AND DISCUSSION 
A. Epicycloidal Planetary Drive 


The rotational speed of the input shaft is 9000 °/s, and the 
rotational speed of the theoretical output shaft (i.e., the 
rotational angular velocity of the cycloidal wheel) is -818.18 


°/s. The negative sign indicates opposite direction to the input 
shaft. The simulation results are consistent with the theoretical 
value which verifies that the reduction ratio of the epicycloidal 
planetary drive is -11, as shown in Fig. 4 and Fig. 5. 

Fig. 6 and Fig. 7 show displacement curve in the X and Y 
direction of the cycloidal wheel during 0.5~1s respectively. 
The two figures indicate when the movement becomes 
smooth, the cycloidal wheel center displays reciprocating 
movement with the maximum displacement of 4.5 mm in the 
X and Y direction, which is equal to the eccentricity, which 
proves the movement of cycloidal wheel meets the cycloid 
movement law in the simulation process. 
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Fig. 6 Cycloidal wheel X direction displacement curve 


When input shaft turns around from 0~360°, each pin 
undergoes a meshing process, i.e., gradually engaged with a 
tooth of the cycloidal wheel to a fully engaged state, at the 
same time, a maximum value of the engaging force occurs. 
Then the pin gradually separates from the teeth of the 
cycloidal gear, until completely separates, finally it continues 
to engage with the next tooth of the cycloidal wheel. 
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Fig. 8 Contact force of a pin during 1~1.5s 
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When the input shaft speed is stable at 9000 °/s and the 
simulation time is 1~1.5s, the theoretical meshing process 
should be 25 times. As shown in Fig. 8, within 1 s of 0.5-1.5 s, 
the curve reflects the 25 meshing processes of a pin, which is 
consistent with the theory. 

In the cycloidal planetary drive, theoretically, there should 
be half of the pins to participate in the engagement. In the 


simulation process, half of the pins are engaged, which is 
consistent with the theory. The distribution of the meshing 
force is shown in Fig. 9. 


B. Hypocycloidal Planetary Drive 


The rotational speed of the input shaft is also 9000 °/s in 
hypocycloidal drive dynamics model as shown in Fig. 10. The 
angular velocity of the output shaft of the hypocycloidal wheel 


is 750 °/s, which is in accordance with the theoretical 
calculation and verifies the reduction ratio is -12 as shown in 
Fig. 11. Comparing the two output speed curves of the 
hypocycloidal and _ epicycloid planetary drive, the 
hypocycloidal design effectively reduces speed fluctuation, 
and the output shaft speed is relatively more stable. 
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Fig. 11 The output shaft speed of hypocycloidal drive 

Fig. 12 and Fig. 13 show displacement curves in the X 
and Y direction of the cycloidal wheel during 0.5~1 s, 
respectively. When the movement becomes smooth, the 
cycloidal wheel center displays reciprocating movement with 
the maximum displacement of 4.5 mm in the X and Y 
direction, which is equal to the eccentricity. So, it is sure that 
the cycloidal wheel of movement meets the cycloid movement 
law in the simulation process. 
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Fig. 14 Contact force of a pin during 1~1.5s 


As shown in Fig. 14, when the input shaft speed is stable 


at 9000 °/s and the simulation time is 1~1.5s, the number of 
meshing processes are 27 times in hypocycloidal dynamics 
simulation which is more than the epicycloidal design. 
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Fig. 15 Contact force distribution curve at 1.5 s 


Fig. 15 shows the contact force distribution of the 
hypocycloidal design, and the results also agree well with 
theoretical distribution. Half of the pins involve in the 
meshing at the same time, and meshing force exists between 
the pins and cycloidal wheel. Compared with the epicycloidal 
design, the hypocycloidal design shows smaller meshing 
force. 


V. CONCLUSION 


In this study, two types of cycloid drive were designed, 
based on the same pin number, the same pin diameter, and the 
same pin distribution center. Dynamics analysis model of 
cycloidal planetary drive was developed and then, the effects 
of the epicycloidal design and hypocycloidal design on the 
speed reducer’s dynamics were compared. The dynamics 
analysis demonstrated that the hypocycloidal design produces 
more stable output speed, and can reduce the meshing force. 
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